Introduction {#sec0005}
============

The World Health Organisation (WHO) was alerted on the 31 st of December 2019 by Chinese authorities of a series of pneumonia-like cases in the city of Wuhan \[[@bib0005]\]. The Chinese Centre for Disease Control and Prevention identified this infection as a novel coronavirus infection on Jan 7, 2020 and on Feb 11, 2020, the WHO announced a new name for the pandemic disease as 2019-new coronavirus disease (COVID-19). Symptoms of the infection had included fever, malaise, dry cough, shortness of breath and respiratory distress \[[@bib0010]\].

Studies from Europe, China, and USA on COVID‐19 have consistently shown that older age and comorbidity are major risk factors for adverse outcomes and mortality. Although most reported COVID-19 cases in China were mild (81 %), approximately 80 % of deaths had occurred among adults population older than 60 years of age; only one (0.1 %) death had occurred in a person under 19 years of age \[[@bib0015], [@bib0020], [@bib0025]\].

Data from MERS-CoV and SARS-CoV, indicate that infection in pregnancy tends to be severe and associated with adverse neonatal outcomes, including increased risk of miscarriage, fetal growth restriction, and preterm birth \[[@bib0030], [@bib0035], [@bib0040], [@bib0045]\]. Data from the UK \[[@bib0050]\] of more than 400 pregnant patients hospitalised with COVID-19 suggest an increased potential for adverse maternal outcomes in pregnant patients hospitalised with confirmed COVID-19 infection; while the risk of an intrauterine vertical transmission is inconclusive.

Royal college of Obstetrics and Gynaecology recommends that delivery in COVID-19 patients should be determined primarily by obstetric indication and recommends against routine separation of affected mothers and their babies \[[@bib0055]\]. Our study aims to provide additional emerging information for maternity and neonatal services planning their response to COVID-19.

Materials and methods {#sec0010}
=====================

Prospective clinical information was collected at the time of presentation to the maternity unit from February 2020 to April 2020 inclusive. For each patient, a proforma was attached to the clinical note which was completed at each stage of the hospital stay. Telephone follow-up of maternal recovery and neonatal conditions were carried out by community midwives following hospital discharge for completion, and was recorded on electronic maternal notes \[Badgernet maternity information system\]. The infection was confirmed based on positive RT-PCR results supplemented by clinical symptoms, chest x ray, chest computed tomography (CT) information. RT-PCR for SARS-CoV-2 nucleic acid was used to determine COVID-19 in suspected infection from both maternal and neonatal nasopharyngeal samples. Sample collection, processing, and laboratory testing followed guidance from Public Health England \[[@bib0060]\].

Results {#sec0015}
=======

A total of 6779 pregnant patients attended our Maternity unscheduled triaging system ([Fig. 1](#fig0005){ref-type="fig"} ), of which 79 had suspected COVID-19 symptoms for which nasopharyngeal samples for RT-PCR for SARS-CoV-2 nucleic acid were taken. 23/79 (29 %) of patients had confirmed COVID-19 infection based on the RT-PCT test. For all the 23 patients, chest radiography also showed scattered multiple patchy infiltrates alongside ground glass appearances in both lungs consistent with COVID-19. The majority 13/23 (57 %) had mild symptoms (afebrile, new cough), 2/23 (8.7 %) of patients had moderate symptoms (new fever, cough), whilst 8/23 (21.7 %) were more severe (febrile, chest pain, shortness of breath). Most of the cases 14/23 (60 %) were of Asian ethnic backgrounds (i.e. Bangladeshi, Indian, or Pakistani), 2/23 (8.7 %) of Arabian Peninsula, 1/23 (4.3 %) is of black African-Caribbean ethnic background, whilst 3/23 (13 %) of UK Caucasian, and the remaining 3/23 (13 %) were Europeans ([Table 1](#tbl0005){ref-type="table"} ).Fig. 1Number of suspected and confirmed cases for COVID-19 between February and April 2020.Fig. 1Table 1Clinical data and follow-up data of 23 cases of pregnant women infected with nCoV in 2019.Table 1**Clinical features (23 pregnancies)**Maternal age (years)Varies from 16 to 40 years with mean of 29.3 ± 2.9Ethnicity16 Asian, 3 Eastern Europe, 1 Black, 3 White BritishPregnancy comorbidities (11 pregnancies)DM/gestational diabetes (4), acute kidney injury (3), Asthma (2), hyperthyroidism (1), pylonephritis (1)Adverse pregnancy outcome (17 pregnancies)Preterm delivery (7), RFM (6), PPROM (4), preeclampsia (2), HELLP (2), DIC (2), OC (1), fetal distress (1)meconium (2), missed miscarriage (1)**Signs and symptoms (23 patients)**Antenatal/intrapartum Pyrexia14 antenatal, 2 intrapartumPostpartum Pyrexia1 patient (day 1 post c-section)Shortness of breath, chest pain8 patientsDry cough12 patientsDiarrhea, abdominal pain4 patients**Chest x ray/ Chest CT scan evidence of 2019-nCoV pneumonia**Chest x ray positive in 20 patients, Chest CT positive in 1 patient**Delivery process (19 patients)**Gestation at deliveryVaries from 29 weeks 3 days up to 40 weeks 2 days with mean of 38.7 ± 1.4Delivery MethodC-section in 16 patients, normal vaginal delivery in 3 patientsSteroidsAdminstrated in 5 patients (2 prior to ELCS \< 39 weeks; 3 for PPROM)Indication for c-section3 ELCS, 13 EMCS (2 fetal distress, 4 failure to progress, 7 maternal request/PPROM/sepsis)**Neonatal outcome (20 neonates \[1twins\])**Apgars at 1 & 5 min(9, 10) in all of them except 1 baby (3,7)BirthweightVaries from 2240 to 4450 g with mean of 3139 g ± 437Neonatal outcomeBacterial pneumonia (1), fetal asphyxia (Resuscitated using positive pressure/endotracheal tube) (1)Neonatal rt-PCR for SARS-CoVNegativeIV AntibioticsAdminstrated in 4 neonates with potential infection**Maternal outcome (19 patients)**Antenatal/intrapartumPylonephritis (1), PPH (1)PostnatalPPH (1), ECMO (1), death (1)[^1]

Maternal outcomes {#sec0020}
-----------------

Mean age of patients was 29 \[16;40\] years, 4/23 (17.3 %) were admitted to intensive care unit (ICU), 3/23 (13 %) required mechanical ventilation, and 1/23 (4.3 %) required ECMO-Extracorporeal membrane oxygenation (ECMO). Comorbidities were diabetes mellitus 4/23 (17.3 %), Asthma 2/23 (8.7 %), pre-eclampsia 2/23 (8.7 %). One pregnant woman had hypertension, one had Anti-S antibodies, one had well-controlled hyperthyroidism, and hepatitis B. One patient died from basilar artery thrombosis, a co-existing pulmonary embolism, and complicated by diabetic ketoacidosis during ICU admission ([Table 1](#tbl0005){ref-type="table"})

In our cohort of 23 women, we had 19 pregnant women with confirmed COVID-19 in their 3rd trimester delivering 20 neonates (18 singleton, and 1 set of twins), and 4 women with confirmed COVID-19 in their second trimester. Of the later, one had missed miscarriage at 13 weeks' gestation, while one developed acute pyelonephritis with consequent acute kidney injury. Of the 19 patients who delivered, 7/19 (36.4 %) were preterm. The gestation at delivery varied from 29 weeks to 36 weeks with mean of 33.1 weeks' gestation. Four of these patients were preterm delivery following preterm pre-labour rupture of membrane (PPROM). Three patients required early delivery due to development of maternal severe adult respiratory distress syndrome; two were at 31 weeks' gestation and another at 35weeks' gestation. The majority had caesarean deliveries 16/19 (68.4 %) ([Table 1](#tbl0005){ref-type="table"}). 13/16 (81 %) had an emergency C-sections while 3/16 (11.8 %) had an elective C-sections. Indications for the C-sections included pathological CTG (2), failure to progress (4), PPROM including subsequent unsuccessful induction of labour (3), maternal request (2) and severe sepsis (2) ([Table 1](#tbl0005){ref-type="table"}). Two of these patients were admitted to ICU, intubated and ventilated prior to delivery. Pre-eclampsia occurred in 2/19 of patients (10.5 %), one of whom progressed to develop liver dysfunction, HELLP and DIC. For 6/19 (31.6 %) patients there were concurrent complaint of reduced fetal movement (RFM) but only one of whom had a pathological antenatal cardiotocograms (CTG) at her 40 weeks' gestation presentation ([Table 1](#tbl0005){ref-type="table"}).

In our cohort, we had one maternal death of a 29-year-old Asian patient with a history of poorly controlled type-2 diabetes. She was admitted with pyrexia and severe breathlessness requiring 100 % oxygen. Her infection was complicated by diabetic ketoacidosis. She was delivered by an emergency C-section under general anaesthetic. She was started on amoxicillin and thromboprophylactic dose of enoxaparin. Although she was extubated initially, she had to be re-intubated after 4 days due to worsening respiratory function. Her CT pulmonary angiogram confirmed pulmonary embolism, and showed bilateral solid pulmonary consolidations which was consistent with COVID-19. Her CT head showed basilar artery thrombosis. Following multidisciplinary discussion including the neurosurgical team into her care, end of life care was commenced before she passed away soon thereafter.

Neonatal outcomes {#sec0025}
-----------------

In terms of fetal and neonatal outcomes, the majority 19/20 (95 %) did not require resuscitation with 1 min Apgar scores of 8--9, and 5 min Apgar scores of 9−10. One new-born, who was delivered at 35 weeks by emergency C-section to black African patient due to severe COVID-19 respiratory symptoms requiring ventilation, had low Apgar score of 3 and 5, at 1 and 5 min respectively following delivery ([Table 1](#tbl0005){ref-type="table"}). The baby was resuscitated with positive oxygen pressure following delivery, intubated and transferred to a special care baby unit (SCBU). The baby was extubated on day 3 and subsequently was discharged from hospital without further adverse, either mother or infant outcomes reported to date.

Nasal swabs were performed to screen for COVID-19 in seven infants 7/19 (37 %) who were delivered to mothers with severe symptoms (one test was not performed as guidance for not routinely performing screening test on the neonates born to COVID-19 patient was changed to routine screening soon after the data collection started). The swabs were taken on day 0, and day 3 following delivery. All 7 infants were started on antibiotics following delivery whilst awaiting swabs results. Additional neonatal pharyngeal swab testing was taken based on index of suspicion, there were four neonates where these additional swabs were taken. All neonatal swabs were, however, negative for COVID-19. None of the infants presented any respiratory symptoms as of the submission of the manuscript.

Discussion {#sec0030}
==========

The immune function of pregnant patients is relatively suppressed during pregnancy. At the same time, physiological changes during pregnancy will also expose pregnant patients to a higher risk, which will lead to a more adverse outcomes \[[@bib0065],[@bib0070]\]. It is reported in the literature that pregnant patients infected with SARS-CoV, and MERS-CoV indeed have more adverse outcomes (spontaneous miscarriage, intrauterine growth restriction and premature delivery); the mortality rate of pregnant patients is as high as 25 % compared to 10 % in ordinary infected people \[[@bib0075],[@bib0080]\]. Recently, Chen et al. \[[@bib0025]\], and Zhu et al. \[[@bib0085]\] reported that the perinatal infection COVID-19 may have adverse effects on new-borns, but compared with SARS-CoV, the adverse mother-to-child outcomes are fewer.

Analyses of our prospectively collected data of a cohort of pregnant patients infected with COVID-19 in their second and third trimester seems to bear these. Of all patients presenting in the 2nd or 3rd trimester, most cases had mild manifestation with eight severe cases. Chest imaging including CT and x ray examination showed typical patchy solid consolidation consistent with COVID-19 pneumonia in 20/23 (87 %) of the patients. Three of the severe cases progressed to requiring intubation and ventilation. All three were in the 3rd trimester.

In our cohort, there was a relatively higher rate of preterm birth, preeclampsia, and C-section. 7/19 (37 %) of the patients who acquired the infection in the 3rd trimester had preterm delivery, which remains higher compared to the national rate of preterm delivery (7.3 %) \[[@bib0090]\]. Furthermore, the rate of C-section in our cohort was 16/19 (84 %) which is significantly higher than the national C-section rate in the UK (26.2 %) \[[@bib0095]\]. Out of all patients 2/19 (10.5 %) had severe pre-eclampsia compared to (1--2 %) risk in general population \[[@bib0095]\], out of which one patient developed HELLP and DIC. One pregnancy with confirmed COVID-19 infection in the third trimester had a neonate with intrauterine growth restriction.

Four neonates with suspected COVID-19 infection had additional pharyngeal swabs taken. SARS-CoV-19 was not detected in either the nasal or throat swab by RT-PCR in any of their neonates. The negative neonatal swabs coupled with subsequent telephone follow-up enquiry, suggest that there was no direct evidence of maternal-fetal vertical transmission in COVID-19 infection in late pregnancy in our cohort.

Strengths and limitations {#sec0035}
-------------------------

We are acknowledging that our study is limited by the small sample size, and incomplete information on the outcome of the infants beyond the end date of data collection, however, our findings are important for understanding the characteristics of the disease in pregnant patients, and their infants.

Conclusion {#sec0040}
==========

Although our cohort of 23 patients with confirmed COVID-19 was relatively small in absolute numbers, we have prospectively collected data for the three months' period covered. The incidence of COVID-19 in our cohort mirrored the national UK trend. There is a relatively higher rate of preterm birth, preeclampsia, and C-section for patients with COVID-19 but vertical transmission including development of severe neonatal COVID-19 complications seemed reassuringly rare. Our findings can provide an additional guidance to enhance prenatal counselling of patients with COVID-19 infection during pregnancy.
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[^1]: Abbreviations: ECMO-Extracorporeal membrane oxygenation; OC- obstetrics Cholestasis; PPROM- Preterm premature rupture of the membranes; SGA-small for gestational age; DIC-disseminated intravascular coagulation; ELCS- elective c-section; EMCS- emergency c-section; CVA- cerebrovascular accident; HTN- hypertension.
